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SUMMARY 

An hvestigation of a series of hulls of length-beam ra t ios  fram 6 
t o  15 previously reported in MACA Tm Ho. 1305 has been extended t o  length- 
beam ra t ios  20 and 30. The hulle of the entire series were designed t o  
have approximately the same hydrodynamic performanae With respect  to  spray 
and resistance  charauteristic8 regardlees of le-h-beam ra t io .  

The results of the investigation  indicated that, although a n  increase 
in length-beam r a t io  fKnn 6 t o  15 resulted in a Bubstaatial  decrease in 
drag coefficient, mJy a small decrease wae obtained in going from 15 t o  
30. The hulls of length-beam ra t ios  20 and 30 had sliefitly more longi- 
tudinal s tab i l i ty  a d  s l i&t ly  less directionaJ. stability than the lower 
length-beam-ratio hulls. 

Because of the requirement8 for increased range and inoreased speed 
In f-g boats, the Langley Laboratory of the National Ad.vi80ry Camnittee 
for  Aeronautics is mklng an investigation  to reduce the of flying- 
boat  hulls  without severely penalizing the aerodynenric s t ab i l i t y  or 
hydrodgnamic performance. Reference 1 which presented teat   resul te  of 
hulls with length-beam ra t ios  of 6 ,  9, 12, and 15 wlth interference of a 
21-percent-thick w i n g  indicated a 29-percent minlmum-drag-coefficient 
reduction for the mer--  lengtb-beam-ratio increase without any Imge 
change in  aeroQmmic s tabi l i ty;  test reeults of the hulls without 
wing interference are presented in  reference 2. The trend of decreaeing 
minimum drag coefficients wlth increa8Fng length-beam ratios  indicated 
that further drag reductione miat be obtained at still  hieper length- 
beam ra t ios-  The present  investigation is  an extension of tests on the 
hull series t o  length-beam rat ios  of 20 and 30. A s  in reference I, m a t  
of the data included  the  effects of wing interference dstermined by sub- 
traction of wing-alone data frcun wing-plus-hull  data. However, as In 
reference 2, results are given that present hull drag coefficients w i t h -  
out wing interference * 



The results of the t e s t s  a;t-e presented 88 standard RACA coefficients 
of forces and moments Rolling-moment , yawinglnarment, and pitching- 
moment coefficients are gLven about the location8 (w ing  30-percent-chord 
point)  sham i n  figure 1. Except where noted, the wing area, man aero- 
dymuulc chord, and span used i n  deterrminfng the coefficients and Reynolds 
nunibere are those of a hypothetical flying boat  (reference 1). 

The hull  coefficients w i t h  wing interfer6nc.e w e r e .  derived by sub- 
traction of wing-alone data fram wing-plue-hull data. The wing-alone 
data were determined by including in the t e s t s   t h a t   p u t  of the wTng 
wbich is normally enclosed in the hull. The h u l l  coefficients  with wlng 
interference, therefore, include  the wing interference  resulting from the 
interaction of the velocity  f ields of the w i n g  and bull  and also the 
negative wing interference caused by shielding from the air stream that  
part; of the wing enclosed , w i t h i n  the hull  The &ata are referred  to the 
s tab i l i ty  axes, which are a system of axes having the origin at the centerr 
of mamente aham in  fim 1 asd in which the Z-&s is  in the plane of 
symmetry and perpendicular t o  the relative wind, the X-az3.s is i n  the 
plane of symmetry and perpendicular t o  the Z - M s ,  and the Y - a r i s  is 
perpendicular t o  the plane of symmetry. The positive  directions of the 
s tab i l i ty  axe8 KKW sham in figure 2. 
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The coefficient8 and eynibols me defined  aa follows: 

l i f t  coefficient  (Lift/@) 

&2?3 coefficient (Drag/qs) 

late--force coefficient (Y/~s) , 

rolltng-moment coefficient (L/qSb) 

pitching-nt coefficient (M/qSC) 

yaeng-mamsnt coefficient (N/qsb) 

Lift = -2 

Drag = -X when $ = 0 

x force along X-axis, pounds 

Y force along Y-ax i s ,  pounds 

Z form along Z-axis, pounds 

L rolling moment, foot-pounds 
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wing mean a e w c  chord (M.A.C . of a &-scale model 10 
of a hy-pothetica f w g  boat (1.377 ft) 

b wing span of a m-scale model of a hypothetical flying boat 1 

(13.971 ft;) 
v air velocity,  feet per secmd 

P mass density of aSr, slugs per cubic foot 

a angle of attack of hull base line, degrees 

Jr angle of yaw, degrees 

R Reynolds n M e r ,  based on wing mean aerodyn8zuic chord of a 

L/b length-beam ratio, where L is dietagce from fox"ard per- 

--scale model of a hypothetical  flying  boat 1 
10 

pendiculu (F 2.) to sternpost and b is maximum beam 
(fig. 1) 

cDmin 
Ilrl.n-lrmnn drag coefficient 

minimum drag coefficient based. on maximum cross-sectiond 
area A of hull  (Drag/qA) 

cDv 
minimum drag coefficient based an volume v of hull 

mln 
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The hulls were debigned by the Langley -cs Mvieion. H u l l  
models 239 (L/b = 20) and 240 (L/b = 30) which are extansions of the 
series previously reported in reference 1 we= canetructed by the David 
Taylor Model Baain. D i m e m i o n s  of the c-lete leagth-beam-ratio series 
are given in figure 1 and the offsets for  hull8 239 and. 240 are given in 
tables I and 11; offsets  for the other hulls m e  given i n  reference 1. 
The hulls were  derived f rom a hypothetical fly-lng boat  ,eseentfaUy similar 
t o  the Boe ing  XPBB-1 ( f ig .  3 and reference 1) All hulls of t h i s  L/b 
series had the same value of L2b t0 provide similar hydrodynamic perfonn- 
mce  with  respect t o  spray esd resistance  chase~cteristice. Tank teats  on 
moiLel 239 indicate that it will have sprey and resistance characteristics 
sFmilar to   that  of the lower length-beam ratioe; the w c  s tab i l i ty  
will, however, be less. 

For the hull t ee t s  with wing interference  the models were attached 
t o  the strpport Xing of reference I which was mounted in the tunnel as 
ahm in figure 4; the support w 3 n g  was not a scale model of the hmo- 
thetical  wing (fig.   3).  The w i n g  w a s  located the same distance from the 
step on all mdels, was se t  at 821 angle of incidence of 4' to  the base 
line, had a 20kinch chord, and W ~ E I  of the NACA 491 airfoil section. 

The tunnel test eectian was lengthened by using plywood f i l l e t s  in 
the cornem  (fig. 4) t o  accoL1PllodBtB the long forebodies of bulla 239 
and 240. A t  the same time, the longitudinal static preseure gradient w 8 ~ 1  

oaneiderably reduced. 

Test Conditione 

The tests w e r e  made in t he  Langley 300 MPH 7- by 10-foot tunnel 
at dynamic pressures of approxiraately 25, 100, and 14.0 polmds per s q m  
foot,  correqonding  to airqmds of a p p r o m t e u  100, 200, and 240 miles 
per hour. Reynolds nunibera for these airspeeds, based on t he  mean aero- 
dynm13.c chord of the hypothetical f l g n g  boat, were approximately 

1.3 X lo6, 2.5 X lo6, and 2.9 X lo6, respectively. Corresponding 
Mach nunibera were 0 -13, 0.26, and 0.31 
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CorrectLana 

Bloc- corrections have been applied t o  the hull-alone, wing, and 
wing-plus-hull  data. The hul l  drag has been corrected f o r  lcmgitudinal 
buoyancy effects caused by a amall tunnel  static  pressure  gradient. Angles 
of attack have been corrected  for structural deflections caueed by aero- 
dynamic forces. For the hull-alone tests the effect of the support strut 
has been satracted from the data. 

T e s t  Procedure 

The aer-c c h a t e r i s t i c s  of the hul ls  ath interference of 
the support wing w e r e  determined  by testing  the wing-alone and the wing- 
and-hull  cambinations under identical  conditions. 

For the  hull-alone  teete the effects of the sqprt  strut were 
determFned by using an image system to determine the tare  values which 
were subtracted from the data. 

Tests w e r e  made at three Reynolds nmtbers. Because of structural  
Umitatioae of the support wing, it was necesemy t o  Umit t h e  h u l l  data 
with wTn$ lnterf'erence a t  the higher Reynolds numbers t o  the angle-of- 
attack range sham 4 

To m i n i m i z e  pobsible errors  resulting from transit ion &if t on the 
wing, the wing traneition w a s  fixed a t  the leading edge bg meam of 
roughness s t r ips  of carbortmdum particles of approx5matel.y  0.008-inch 
diameter. The particles were applied for  a le- of 8 percent a i r fo i l  
chord measured along the   a i r fo i l  contour fram the leading edge on both 
upper and lower surfaces. 

Hull t ransi t ion  for  all t es t s  wae fixed by a s t r i p  of 0.008-111~h- 
di-ter carborundua pazticles  inch wide located apprOximatelY 5 P r -  
cent of the hull length aft of the bow. Hull-withag-interference 
t e s t s  were made with the 8uppox-t eetug shown in figure 4; hull-sone 
tes ts  were made with the  setup  sham in figure 5 .  

1 

As stated  previously,  the extreme length of the 20 and 30 length- 
beam-ratio hulle  necessitated extensfan of the tuzlnel test  eection. 
Because the  alteration  resulted.  in a mch smaller longltuafnal  static 
pressure gradient than that of reference 1 and, consequently, 'smaller 
buoyancy correctione,  several check tes ts .  were made on the 6-to-15 
length-beam-ratio hulls. 
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The effects of changes in length-beam ra t io  fran 6 t o  30 on the 
variation in aerodynamic characteristics of flying-boat hulls including 
wing interference w i t h  angle of attack  are  presented in figure 6. The 
variation of the  aerodynmic  characteristics i n  yaw of hul l s  239 and 240 
(L/b = 20 &d 30, respectively) are given in figure 7. Aerodynamic 
characteristics in  pitch of hulls with length-bsam ratios 15, 20, and 30 
without wing interference  are .given in   f igure 8. The effects of length- ' 

beam ra t io  on mh3m.m drag coefficient and on the s t a b i l i t y  parameters 

c9r 
, m d  C as determined from the  present  investigation,  are 

Ydc' 
summrized -in figure 9 ;  wherever no check tes t s  were  made on the 6-to-15 
length-beam-ratio  hulls, the curves were obtahed fram references 1 and 2. 

Extending length-beam ra t io  frm 15 t o  20 w i t h  or without w i n g  
interference,  figures 6 ,  8, and 9 produced only a aman reduction i n  
minimum drag coefficient  (about O . W O 3 ) ;  very l i t t l e  change occurred 
when length-beam r a t i o  waa extended frm 20 to ,  30. 

C m p x i s o n  of the  length-beam-ratio 6-to-15 data of figures 6 and 9 
w i t h  that O f  reference 1 shows good agreement; there was about a 29-percent 
minfmum-drag-coefficient reduction w i t h  no large change i n  aerodmmc 
stability when length-beam ratio WBB changed from 6 t o  15. The good 
agreement  between the data of reference 1, which required a buoyancy 
correctian of about 20-percent hullmim&mm drag, and that of the present 
report, which required anly a amall correction,  indicates  that  the buoyancy 
correcti- of reference 1 were of correct ro.a+pitude. As i n  reference 1, 
Reynolds number had l i t t l e  effect  on drag coefficient. MfnFmum drag 
coefficient  for the hulls with wing interference occurred  near 2' angle 
of attack and near 0' without ning interference. The positive  shift i n  
angle of attack  for minimum drag with wing interference  resulted from 
support-wing camber and.incldence. 

The drag coefficients  with wing interference were lower than  the 
hull-alone drag  coeffzcients by an azwunt dependent upon the drag of the 
support wlng submerged within  the hulls and the interference  effect caused 
by interaction of the  velocity  fields of the  hull and wing. In general, 
the  interference  effects caused by velocity  fielda  increase the drag 
coefficient; however, t h e  increase  has been  found t o  be ,maU compared t o  
the  decrease caused by  submerging the wing, reference 3. 

. 

The results of the  present  investigation show l i t t l e  or no gain i n  
flying-boat aerodynamic  perfomnance in the low and middle mbsanic  region 
by using hull  length-beam ratios  higher t han  about 18. However, other 
factors such as a wei&t  reduction w i t h  length-beam ra t io ,  reference 4, 
may still  have same effect provided the hydrodynamic s tab i l i ty  i s  not 



. 

too  adversely  affected. That further large drag reducticn with length- 
beam r a t io  cannot be eqected is  also sham from hull skLn drag conaidera- 
tiom. Figure 9 includes an estimate of the  turbulent skin frictim, 
reference 5 ,  of the various length-beam-ratio hulls converted into drag 
coefficient based on the hmothetical wing mea. Carpmison w i t h  hull- 
alone drag coefficient shows that  a large part  of law-length-beam-ratio 
hull drag coefficient WBB pressure drag. ExbendFng length-beam rat ios  
t o  higher  values reduced the pressure drag became of the b e e r  aero- 
a;pllamic shape resulting from the narrower hulls. Hawever, at the aam 
time, there was an increase in hull  e&-friction drag because of sun- 
mea  increase,  table III. Therefore, because the mafor part  of high- 
length-beam-ratio hull drag ie sWn &rag and became of the rapid r i s e  i n  
skln area, an increase in minimznn drag coefffcients can probably be 
expected f o r  length-beam ratios abme 30. 

Minimum drag coefficients based on cross-sectional  area CD 9 

Amin 
v o 1 w  CD , a;nd surface area C m e  plotted in figure 10 against 

vmin "wmbn 

length-beam rat io .  The data indicate that for unit v o l k ,  a hull length- 
beam ra t io  of approximately 15 haa the least drag. 

Zxtending the length-beam ra t io  to 20 and 30 resulted in 8 very . 
a l l a t  increase in lmgitudinal   s tabi l i ty  as determined by C and a 

slight decrease in directional  stability,  both of  which followed the trends 
as se t  up by length-beam rat ios  6 t o  15. For convenience the s t ab i l i t y  
p-ters fo r  each value of L/b are presented in  table IV. The vauee  
given in the  table  for the 6-to-15  length-beam-ratio hulls were detexmined 
f r o m  the check tests wherever they were made; otherwise, the values w e r e  
obtained from references 1 and 2 

m, 

Included in table IV for convenient camparison w i t h  other hulls 
and fuselages =e the pm-ters K ~ ,  a C I l f t  / a v  , md acnps, a8 &Ten . 
references 6 ,  7, and 8, r eyc t ive - .  The parameter g~ IS a -elage 
moment factor in the form of &&L, based on hull beam and length where 
a is in radiase. The ymg-moment coefficient C I 

based on volume and. is  gtven about a reference asds 0.3 of the hul l  
length from the nose. The parameter aCn as is based on hul l  side area 
and length f o r  which the yawing-mament i s  also given about a reference 
e x i s  0.3 of the hull length f r o m  the nose, and is a v e n   i n  radfans . 

9 acn y a q  is 
f 

I 
- 
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The results of an investigation in the Langley 300 MPH 7- by 10-foot w 

tunnel  made in order to extend a previous  investigation of h u e  with length- 
beem ratios  ranging from 6 to 15 to  ratios of 20 and. 30 indicate  the 
fOlhWillg  COIlChlEiOIlS : 

1. W i t h  or  without wing interference,  extending the length-beam 
ratio f r o m  15 to 20 produced only a Ermall reduction in minimum drag 
coefficient; very Uttle change  occurred  when  length-beam  ratio w a s  
extended from 20 to 30. 

2. The hul ls  of length-beam  ratios 20 and 30 had sllgh tly more 
lpngitudinal  stability end slightly  less  directional  stability than t h e  
laTer length-beam-ratio hulls. 

Langley Aeronautical. Laboratoq 
National Advisory  Committee for Aeronautics 

.Langley Field, Va . 

I 
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Figure 1.- Hulls of the Langley 300 MPH 7- by 10-foot-tunnel  length-beam- 
ratio investigation. (All dimensions are in inches.) 
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Figure 2.- System of stability  axes. Positive directions of forces,  moments, 
and angles a r e  indicated by arrows. 
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S = /8.264 ff' 
b =/3.97 f f  
E = / . 3 7 7 f t  

Figure 3.- Comparison of -"scale 1 models of the XPBB-1 flying boat and 
10 

hypothetical flying boat incorporating hull 203. 
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Figure 4.- Langley tank mddel240 mounted in altered test section of the Langley 300 PJLPH 7- by 
10 -foot tunnel. -4 

r 
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Figure 5. - Hull mounted on sfngle support strut in the Langley 300 NLPH 7- by 
10 -foot tunnel. 
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(a) R X 2.5 X 10 . 6 

21 

? 

Figure 6.- Aerodynamic characteristics in pitch of flying-boat hulls with wing 
interference of length-beam ratios ranging from 6 to 31). 
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(b) R % 2.9 X lo6. 
Figure 6. - Concluded. 
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Figure 7.- Aerodynamic characteristics in yaw of flying-boat hulls with wing 
interference of length-beam ratios 20 and 30. a = 2O; R X 1.3 X lo6. 
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Figure 8.- Aerodynamic characteristics in pitch of flying-boat hulls without 
wing interference of length-beam ratios 15, 20, and 33. Q = 2O; 
R X 2.9 X lo6, 
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Figure 10.- Effect of hull length-beam ratio on minimum drag coefficients 
C 
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